The vegetative processes of many kinds of trees, such as shoot elongation, cambial activity, needle leaves formation in conifer and time of bud break, are supported or promoted by long day or continuous light'--'4' . There are opinions that the day length acts through the production of growth substances within plants. Avery et al.15' and Soding'6' believed that cell division in the cambium is stimulated by auxin produced in the region of the shoot apex. Wareing" 13) observed a variety of photoperiodic effects on the seedlings of Pinus silvestris and presented an hypothesis that these effects result from the production of auxin (or an auxin precursor) in the light and the formation of an inhibitor in the dark. The similar effect of day length on cambial activity has been found by Mollart17' on Robinia pseudo-acacia. He assumed that a cambial stimulus may arise in the leaves under long day. Thus some woody plants appear to produce more growth substances under prolonged day length. Auxin may be an important factor for the initiation of root primordia, though some complicated discussions have been made so far33' . Auxin, applied externally, also has a morphogenetic action to produce forking of roots resembling a mycorrhiza19-22). These investigations suggest that the day length influences the initiation of short roots and their conversion to mycorrhiza by means of growth substances arisen within the plant itself under long day, being followed by fungus infection. Yet, no reliable observations concerned have been made, although Wada18' found that day length affects the formation and the elongation of roots in the cuttings of Pharbitis Nil.
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In the present experiment, some observations on the growth of tops and the development of mycorrhizal short roots were made under controlled conditions of day length and temperature using seedlings of Pinus densiflora.
Material and Methods
Green house experiment during normal growing season.
The influences of temperature and day length on the growth of tops and the development of short roots were studied in the conditioning green house. The seeds were soaked in running tap water for 24 hours (May 9, 1955) and sown in boxes (30 x 40>< 9 cm) containing loamy soil. The boxes with plants were preliminarily kept under natural day length in the green house at 30°. When the cotyledons of all seedlings fully expanded the plants were separated into two groups, 20° and 30°. One half of the plants of each group was exposed to continuous light at night (supplementary light from an incandescent lamp of ca. 1000 Lux at the plant level) and another half to short day with eight hours light and 16 hours dark, where * Laboratory of Genetics and Plant Breeding , College of Agriculture, University of Osaka Prefecture, Sakai, Osaka, Japan. the plants were covered with dark boxes from 5.00 p. m. to 9.00 a.m.
Out-of-door experiment during normal growing season.
Similar experiments
were performed under out-of-door conditions. After soaking on June 5, 1961, the seeds were sown in boxes (9 x 9 x 6 cm) containing the soil. When the cotyledons fully expanded, the plants were separated into three groups of treatments:
continuous light using the day light fluorescent lamp as the supplementary light source at night, short day with eight hours light and 16 hours dark, and short day with light-break treatment.
In the last mentioned case one hour of light from day light fluorescent lamp set within the dark boxes was inserted in the middle of 16 hours dark, followed by seven hours light.
The light intensity of the artificial light was about 2000 Lux at the plant level in every cases.
Autumnal experiment.
The seeds were sown on Oct. 9, 1954 in boxes (30 x 40 x 9 cm). The boxes were preliminarily kept in the room at 30° of the conditioning green house. When the cotyledons fully expanded, the boxes were separately placed in the rooms at 20° and 30°. No photoperiodic treatments were made; the plants grew under natural day length.
The temperatures
in the conditioning green house were regulated within the fluctuation of ±1.0°.
The length of shoots was measured above the cotyledon level and the dry weight after 3 months drying in the air. The results were expressed as the averages of five to ten measurements for roots and 40 to 50 measurements for shoots.
Results
A. Tops 1. Influences of day length and temperature during normal growing season.
As shown in Fig. 1 , the green house experiments indicate that the elongation of the main shoots is well under continuous light. This is also seen in the out-of-door experiment. In Fig. 2 , the elongation is well under continuous light and the short day with light-break treatment in which the plants accepted nearly the same quantity of light as under the short day. These photoperiodic responses of the shoots agree with the results of previous workersl-14) . Fig. 3 shows that the increase in dry weight per seedling is promoted under the continuous light but is supressed under the light-break treatment as well as under the short day. The temperature influences the shoot elongation particularly under the short day; the length of shoot is larger at 30° than at 20° (Fig. 1 ). The needle leaf formation is delayed under the short day but promoted under the continuous light and the light-break (Tables 1 and 2))df. 7-9), The result is shown in Fig. 4 . The plants at 20° are smaller than those at 30°, perhaps because of such delay of the elongation as it becomes distinguished under short day during winter (cf. Fig. 1 , short day).
Terminal buds which were formed not later than the next summer both at 30° and 20°, started to sprout from the beginning of September to October, and continued their growth during October and November.
In winter, if it is warm, the terminal buds of P. densitlora may elongate irrespective of the day length in Japan.
B. Roots

Description of short roots.
In the present study, the long roots framing the main root system bore the short roots mainly in the part recently elongated, whereas in the older part the short roots diedd and shed off. Almost all of the short roots appeared to be infected..
Slender tips of the long roots were also infected and ceased their growth.
Following two types of short roots were observed: 1) Unforked short roots were more or less covered by thin hyphal mantle.
The surface of the mantle was colored in white to light red. The cortex was composed of two or four layers of cells. Hartig's net work in the intercellular spaces was found ordinarily more abundant towards the base of the roots.
Sometimes, crooked and black short roots were found; the cortex was attacked and occasionally decayed by heavy infections.
These resembled the pseudomycorrhizas of Melin23' . 2) Forked short roots. This type of mycorrhiza was typically ectotrophic, and the outermost layer of the cortex was surrounded by thick hyphal mantle. The surface of the mantle was smooth in appearance and colored in light red to brown.
Hartig's net work was abundantly present. Just when developing from long roots, many of the short roots branched dichotomously with a tendency toward mycorrhizas of this type, or when the branching was repeated several times coralloid type was for-med24)
Sometimes, the forking occurred after the short roots had elongated over five to ten mm in length; they resembled those described by Bjorkman25' as mycorrhiza B. In this case the `helve' was usually colored reddish, but some turned to dark brown.
In some other cases, the growing tips of lateral long roots of about one to two cm in length, which bore some lateral forked and unforked short roots, were infected and forked, as these had been observed by Hatch and Doak26' . 2. Influence of day length on the extension of root system.
In the out-of-door experiment, the dry weight ( Fig. 5 ), the total length and the number (Figs. 6 and 7) of long roots per seedling were larger under the On July 17 when the short roots in the green house experiment were firstly observed, only unforked short root developed poorly at 30° but abundantly at 20°. On November 19, a flourish of both types was observed.
At this time, the numbers of short root were, at 20°, equal in all the groups irrespective of the day length, whereas at 30° they were greater under the continuous light than under the short day (Table 3 ). An abundant production of the unf orked short roots was also observed in the out-of-door experiment, though the forked short roots being scarcely over the period tested.
The cause of the latter phenomenon may be partly attributed to the lower fertility of the soil used here. The soil used in the green house experiment was somewhat richer in the humus content than the soil used in the out-of-door experiment. Fig. 8 shows that the continuous light produced the short roots most abundantly.
There is no significant difference in numbers between the other two treatments.
Most of the short roots were exclusively borne on the distal part of long roots, then the number of short roots depended on the number of long roots, not on their length.
Contrary to the expectation, the quantity of the light rather than the photoperiod determines a yield of the short roots.
4. Influence of temperature under natural day length during aberrant growing season (Autumnal experiment). The change in the number of short roots from June to August is shown in Fig. 9 . The number of short roots was significantly greater at 20° than at 300, especially in forked short roots. This tendency is also seen, though less evidently, under short day conditions in the normal growing season (total number of short roots in Table 3 ). The ratio of forked short roots to the total appears to be greater at lower temperature. The reduction of shoot elongation under lower temperature was greater under short day, and the cause of this phenomenon is thought to be in part a limitation of photosynthesis under lower temperature in addition to a lesser duration of light period. This speculation may be supported by Onaka's assumpion in carbohydrate production limited the shoot elongation. ment can release the plant from the suspension of elongation such a extention growth was never accompanied by the in-This is surely caused by the lesser duration of photosynthesis, at early stage as used here are concerned. rted that an abundant root formation in oats resulted from nd was not affected by any photoperiodic stimulus.
Hatch29', orkman25' also showed that plants (pine and spruce) with tops appeared to extend larger root systems.
In the out-of-door eak treatment which has long day action to shoot elongation did not favored the increase of the number of short roots. This suggests that the development of the short roots as an important absorbing organ is dependent on the yield of the photosynthetic products of the seedling, and not on the photoperiod itself.
Wenger31' and B jorkman25' reported that an increased light intensity was required for the mycorrhiza formation.
Clear evidences concerning the relations of day length to fungal infection in the short roots were not obtained here, because all short roots had converted to the mycorrhizas.
Slankis32' reported that the isolated roots of P. silvestris developed more lateral roots at temperatures lower than 25°. In the present green house experiment, seedlings at early stage of growth produced abundant short roots at 20° irrespective of the day length.
When the seedlings at later stage grew under short day, 20° rather than 30° was favorable to the production of short roots, especially of the forked ones (Table 3 , short day), and similar results were obtained in Autumnal experiment.
Under continuous light, however, more short roots were produced at 30° . When comparing the number of short roots produced under continuous light and short day, no remarkable differences could be found at 20°, while at 30° more short roots were found under continuous light.
These phenomena are probably due to the complicated physiological states of the plants, including the accumulation of photosynthetic products within plants which is effected for example by the relative intensities of the photosynthesis and respiration.
Summary
1) The growth of tops and roots, and the morphology and occurrence of mycorrhizal short roots were investigated using the first year seedlings of Pinus densif ora under controlled environmental conditions including length of day, temperature and their combinations.
2) The elongation of shoot was hastened by longer day length but the increase in dry weight by greater quantity of light accepted by the plants.
3) The onset of the shoot elongation, especially under shorter day length, began earlier at 30° than at 20°. 4) Almost all of the short roots seemed to be mycorrhizal. 5) The short roots were exclusively borne on the distal parts of long roots, then the number of short roots was determined by the number of long roots. 6) The number of long and short roots was larger under continuous light than under light-break treatment as well as under short day. Accordingly the formation of mycorrhizal short roots do not depend on day length but depends on the quantity of light accepted by the plants.
7) Some temperature effects were seen on the production of short roots; in the seedling at ealier stages of development the short roots were abundant at 20° than at 30°. At later stages they were somewhat invariably produced at 20° under continuous light and short day, but at 30° abundantly produced under the former condition.
